Solving The Schrodinger Equation (1)
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Finite Square-Well Potential (1)

* In regions | and lll, the Schrddinger equation becomes:

By posing: , the equation can be written:

Solutions has to tend to O when x tends +

* In region |l, the Schrédinger equation is: with

Solution:



Finite Square-Well Potential (111)

e Boundary Conditions:

— Continuity: y ,(x=0) =y ,(x=0)
yu(x=L) =y (x=L)
— “Smoothness”: (d/dx)y ,(x=0) = (d/dx)y ,(x=0)

(d/dx)y ,(x=L) = (d/dx)y ,(x=L)



A more realistic potential:
the harmonic oscillator

Simple harmonic oscillators describe many physical situations: springs,
diatomic molecules and atomic lattices.

Substituting V(X)=1/2k(X-XO)2 [assuming X,=0 for simplification] into the
wave equation:

Introducing: and , We get:



Solutions

Wave function solutions:

H,(x): Hermite polynomial functions

Enerqy Solutions:




Barriers and Tunneling

« Barrier: region Il (V=V,>0)

Assuming the energy of the particle E larger than V,

<



Solutions:

* From the 3 preceding equations:

 Then boundary conditions, etc...



Transmitted/Reflected Waves

The probability of the particles being reflected R or transmitted T is:

After much calculations:



What If...

 What if the energy of the particle considered is smaller
than the potential energy (E<V,) ?

 Quantum Mechanics ?



Tunneling

* Region Il solution:

e Transmission:

If kL>>1, T can be simplified:



One Example: a-decay

a-particle



Scanning Tunneling
Microscope

Nobel Prize in Physics 1986

» Electrons tunnel through the gap to be
collected by the tip.

* Current collected is very sensitive to the
distance between the tip and the surface.



